Europais he Patentamt 
European Patent Office 
Offic europ6en des brevets 




@ Publicati n number: 0 535 953 A2 



EUROPEAN PATENT APPLICATION 



@ Application number : 92308965.0 
@ Date of filing : 01.10.92 



@ int ci.^ H01J 1/30, HOI J 3/02, 
H01J 21/10 



@ Priority: 02.10.91 JP 255240/91 

03.12.91 JP 319251/91 

03.09.92 JP 235597/92 

@ Date of publication of application : 

07.04.93 Bulletin 93/14 

@ Designated Contracting States : 
DE FR GB NL 

@ Applicant : SHARP CORPORATION 
22-22, Nagalke-cho Abeno-ku 
Osaka 545 (JP) 



@ Inventor : Maruo, Yuji 
10-6-26 Kohokudai 
Ablko-shi, Chlba-ken (JP) 
Inventor : Akagi, Yutaka 
1-5-5-205, Akebono 
Kashiwa-shi, Chiba-ken (JP) 
Inventor : Ise, Tomokazu 

3- 19-203, Tsukushino 
Abiko-shi, Chlba-ken (JP) 
Inventor : Urayama, Masao 

4- 4-22-403, Hikonari 
Misato-shI, Saltama-ken (JP) 

g) Representative : Brown, Kenneth Richard et al 
R.G.C. Jenkins & Co. 26 Caxton Street 
London SW1H ORJ (GB) 



CO 
lO 

o 
tn 

CO 

in 



@ Field-emission type electronic device. 

@ A field-emistion electronic device works as a 
field-emission electron source. The field-emis- 
sion electronic device comprises an anode elec- 
trode (3). a first insulating member (5) disposed 
on the anode electrode, a cathode electrode (1) 
disposed on the first insulating member, a sec- 
ond insulating member (6) disposed on the 
anode electrode at a distance from the first 
insulating member, and a gate electrode (2) 
disposed on the second insulating member. 
Therefore, the field-emission electronic device 
can be formed to make the distance between 
the electrodes smaller than that of the known 
field-emission electronic device. Concretely, 
the distances t)etweeh the cathode electrode 
and the gate electrode and be^een the 
cathode electrode and the anode electrode are 
allowed to be reduced. This results In lowering 
a gate voltage and an anode voltage. Further 
enbodiments include a field emission cathode 
of metallic carbide, nitride, oxide or boride in 
which the composition ratio of carbon, nitro- 
gen, oxygen or boron gradually increases from 
Uie substrate side to the emitting portk)n in 
order to improve thermal expansion properties 
f the caUiod . 



Fig. 2 




a. 

UJ 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 535 953 A2 



2 



BACKGROUND OF THE INVENTION 

1. Field of the Inv nti n 

The present invention relates to a field-emission 
type electronic device containing an electron source 
which is operated to emit electrons on the principle of 
field emission, and more particularly to a cold cath- 
ode provided in the field-emission type electronic 
source. 

2. Description of the Related Art 

In recent days, a remarkable progress has been 
made at>out a technique for manufecturing the field- 
emission type electronic device for emitting electrons 
in a high electric field in vacuum as a result of devel- 
oping a fining technique utilized in the field of an in- 
tegrated circuit or thin film deposition. In particular, a 
field-emission type cold cathode having a quite fine 
structure has been manufactured. This type of field- 
emission type cold cathode is the most fundamental 
electron-emission device included in the essential 
parts of a micro electronic tut>e or electron gun. 

The field-emission type electronic device or the 
field-emission type electron source containing a lot of 
electron-emission devices has been invented for an 
essential component for a micro triode or a thin dis- 
play element, for example. The operation and the 
manufacturing method of the field-emission type 
electronic device or the field-emission type electron 
source have been known in the technical report C.A. 
Spindt eL of Stanford Research Institute, pp.5248 to 
5263, Vol.47, December (1976) of Journal of Applied 
Physics. Further, they have been disclosed in USP 
Nos.4307507 and 4513308 invented by H.F. Gray, et. 

Then, some of the related arts will be described 
later. 

In a conventional field-emission electron source, 
a substrate electrode Is formed of monocrystalllne sil- 
icon having low resistance in order to keep compati- 
bility with a fining technique in the field of an integrat- 
ed circuit or thin film deposition, lower the cost, and 
make it monolithic. On the substrate electrode, a lot 
of conical cold cathode chip are formed. Each cold 
cathode chip is made of the same monocrystalllne sil- 
icon as the substrate electrode or a high melting point 
metal such as tungsten (W) or molybdenum (Mo). An 
insulating layer is formed on the substrate electrode 
around the cold cathode chip. On the insulating layer, 
a gate electrode is deposited. An anode electrode is 
provided to cover those cold cathode chips and the 
gate electrode as keeping vacuum space between 
the anode electrode and the side of the cold cathode 
chips and the gate electrode. 

In such a lectron s urc . a voltage f at>out 100 
to 200 V is applied as a gate voltage between ach 
cold cathode chip and the gat lectrode. Th appli- 



cation r suits in causing a strong electric ft Id f 
about 10A//cm betwe n each cold cathode chip and 
the gat electrod . th reby allowing ach cold cath- 
ode chip to emit electrons on the f leld-emisston prin- 

5 ciple. The anode voltage of 300 to 500 V applied to the 
anode electrode causes emitted electrons to reach 
the anode electrode. 

In the current techniques, the critk:al diameter of 
the conical cold cathode chip is about 1 ^m and the 

10 critical height thereof is about 1 ^m. Further, It is prac- 
tically impossible to avoid variable electron-emission 
characteristics In those chips caused by the varia- 
tions of the cold cathode chips. To overcome the dis- 
advantageous matter, the anode electrode is made of 

IS a transparent material and a fluorescent material is 
coated on the transparent anode electrode. A trial is 
now being made for a thin display unit using the cold 
cathode chips as electron-emission sources only. In 
a case that this type of f ield-emissbn electronic de- 

20 vice applies to the thin display unit, it is unnecessary 
to accurately control the emitted electrons. Hence, 
1000 or more electron-emission cold cathode chips, 
which are arranged per one pixel In an array manner, 
are driven in parallel for the purpose of averaging the 

25 variation of the electron-emission cold cathode chips 
and obtaining the necessary amount of emitted elec- 
trons. 

In a case that the field-emission cold cathode 
chips are used for a micro triode, the resulting triode 

30 may break the shortcomings and the limits entailed in 
the solid device such as a semiconductor device. The 
solid device has such a limit that the saturated trav- 
eling speed of electrons in the solid device is about 
c/1000 (c Is a light speed). On the other hand, in the 

35 field-emission electronic device, the emitted elec- 
trons travel In vacuum. Hence, the traveling speed of 
the electrons may be faster than the traveling speed 
of the electrons In the solid device by one or more dig- 
its. Further, the field-emission electronic device is 

40 more endurable in high temperature and radioactive 
rays. For example. In a case that a voltage of 50 V is 
applied between the electrodes keeping a spacing of 
1 \im therebetween, the traveling speed of electrons 
is 2 X 108 cmJs on average and the traveling time for 

45 a distance of 1 ^m is 0.5 psec. 

The use of the triode having dimensions on sul>- 
micron order, therefore, makes it possible to realize a 
super high-speed device having a response speed on 
tera-hertz level. 

so In the known field-emission type electron source, 

a field-emission type cold cathode chip is formed like 
a conical form on a substrate electrode made of a 
metal or semiconductor nruiterial as mentioned above. 
An insulating layer Is formed to cover the substrate 

55 electrode around th field- mission type cold cath- 
ode. On th insulating lay r. a gat el ctrode is de- . 
posited. Wh n a voltage Is applied between the f i Id- 
emission type odd cat h d and the gate electrod ,a 
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high el ctric field takes place between the cold cath- 
od and the gat electrod so that el ctrons can be 
mitted from th fi Id- mission c Id cat hod n the 
basis of the field- mission principl . 

The field-emission cold cathode is made of sili- 5 
con or metal such as tungsten (W) or molybdenum 
(Mo). Further trial is now being made for optimizing 
the form of the field-emission cold cathode in order 
to reduce an operating voltage on which electrons are 
emitted. io 

In another conventional field-emission electron 
source, like the foregoing composition, a field- 
emission cold cathode is formed like a conical form 
on a substrate electrode. An insulating layer is formed 
on the substrate electrode around the field-emission is 
cold cathode. On the insulating layer, a gate elec- 
trode is deposited. The substrate electrode is made of 
semiconductor or metal. Unlike the foregoing compo- 
sition, the substrate electrode is projected tike a pyr- 
amid at the site where the conical field-emission cold 20 
cathode is to be formed. On the pyramid portion, a 
coating layer is deposited. The coating layer is made 
of a material having a low work function such as ce- 
sium (Cs) or lanthanum hexaboiaide (LaB6). It means 
that the pyramid portion of the substrate electrode 25 
and the coating layer deposited thereon compose the 
field-emission cold cathode. 

Next, the shortcomings of the conventional conv 
positions will be described. 

For the known field-emission electric devices, 30 
the following shortcomings take place. Since the dis- 
tance between the cold cathode chip served as a 
cathode electrode and the gate electrode is not made 
so smalt, it is necessary to apply a large voltage be- 
tween the cathode electrode and the gate electrode 35 
for obtaining the necessary electric field to allowing 
the tip of the cold cathode chip to emit electrons. Fur- 
ther, since the distance between the cathode elec- 
trode and the anode electrode is made so larger, it 
needs a considerable time to travel electrons between 40 
the cathode electrode and the anode electrode. 

The cold cathode chip has a cut-off frequency fr 
represented by the expression: 

fx = gJ(2nC^) 
wherein g^ is a mutual conductance and Cge is a ca- 45 
pacitance between the gate electrode and the cath- 
ode electrode. 

To realize a cold cathode chip enabling to operate 
at high speed, therefore, it is necessary to increase 
the mutual conductance g„ but decrease the capac- so 
itance Cgc- IHowever, in the structure of the known 
field-emission electronic devices, the electron emis- 
sion is made possible only at the tip of the cold cath- 
ode chip. Further, since it is difficult to make the spac- 
ing b tween the adjacent cold cathod chips smalt in 55 
tight of th manufacturing techniqu , the area wher 
electrons are emitted and th amount f mitt d lec- 
trons ar both small. Hence, it is difficult to increase 



th mutual conductance g^ of the electronic device 
depending on th current density of the field mis- 
sun. Further, th fi Id- missi n lectronic d vices 
has the structure wh re the gate electrod layer is 
opposed to the cathode electrode layer as keeping 
the insulating layer therebetween. The structure in- 
evitably increases the value of the capacitance Cqc 
between the gate electrode and the cathode elec- 
trode. 

In turn, for the first conventional field-emission 
electron source, in a case that the field-emission cold 
cathode is made of a high melting point metal such as 
tungsten (W). molybdenum (Mo) or titanium (Ti), 
those metals are thermally endurable and mechani- 
cally strong, but have so high work functions. For ex- 
ample, the work function of tungsten Is about 4.3 eV 
and one of molybdenum is about 4.2 eV. They disad- 
vantageously need high operating voltages. 

For the second known composition of a field- 
emission electron source as mentioned at>ove, the 
work function of the coating layer Is so low such as 
about 2.1 eV in case of using cesium (Cs) and about 
2.7 eV in case of using lanthanum hexabotald (LaBe). 
Hence, the operating voltage is made smaller. The 
difference of thermal expansion coefficient between 
the material of the coating layer and the material of 
the substrate electrode causes the resulting cold 
cathode to be thermally unstable and nr>echanically 
weak. Since the material of the coating layer is chem- 
ically active, a shortcoming takes place that the work 
function is subject to change. Additional, since the 
material of the coating layer such as selenium has a 
far larger than the substrate electrode made of metal 
or semiconductor, the electric conduction between 
both is made worse, so that the electron emission is 
difficult to take place. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present Invention 
to provide a field-emission electronic device which is 
capable of realizing high-speed operation. 

It is another object of the inventton to provide a 
field-emission electron source which is physically sta- 
ble and excellent in electric and mechanical charac- 
teristics and has a tow work functbn. 

The first object of the Inventton can t>e achieved 
by a field-emission electronic device comprising an 
anode electrode, a first Insulating member disposed 
on the anode electrode, a cathode electrode dis- 
posed on the first insulating member, a second insu- 
lating member disposed on the anode electrode at a 
distance-from the first insulating member, and a gate 
electrode disposed on the second insulating memt>er. 

A field- missi n el ctronic device according to 
anoth raspectof the inv ntion includes a substrat , 
a first insulating member disp sed on the substrate, 
a cath d lectrode disposed n the first Insulating 
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member, a s cond insulating m mber dispos d n 
the substrat at a distance from the first insulating 
memb r, agat electrod disposed nth second in- 
sulating member, and an an d lectrode disposed 
between the first insulating member and the second s 
insulating member and electrically connected with 
the substrate. 

The field-emission electronic device according to 
this invention is formed to make the distance be- 
tween the electrodes smaller than that of the known io 
field-emission electronic device. Concretely, the dis- 
tances between the cathode electrode and the gate 
electrode and between the cathode electrode and the 
anode electrode are allowed to be reduced. This re- 
sults in lowering a gate voltage and an anode voltage. is 
In the structure of this invention as descrit>ed at>ove, 
the value of the capacitance between the cathode 
electrode and the gate electrode can be made smaller 
as compared to the known field-emission electronic 
device wherein the cathode electrode and the gate 20 
electrode are laminated with the insulating layer laid 
therebetween. In a case that the anode electrode is 
provided on the substrate located between the cath- 
ode electrode and the gate electrode, the values of 
capacitance caused between the cathode electrode 25 
and the anode electrode and between the gate elec- 
trode and the anode electrode can be reduced. 

For example, if a voltage of 20 V to 100 V is ap- 
plied between the cathode electrode and the gate 
electrode, a strong electric field of at>out 10^ V/cm 30 
takes place between the tip of the cathode electrode 
and the gate electrode in quick response to the appli- 
cation of the voltage. The cold cathode tip serves to 
emit electrons at its upper tip on the basts of the field- 
emission principle. 35 

In carrying out the second object, a field- 
emission electronic device comprises a substrate, 
and a field-emission cold cathode, which is formed of 
metallic carbide, metallic nitride, metallic oxide or 
metallic boride. disposed on and electrically connect- 40 
ed with the substrate electrode, a composKion ratio 
of carbon, nitrogen, oxygen or boron of the cathode 
being gradually increased from a bottom portion 
thereof adjacent to the substrate to a top portion 
thereof. 45 

The field-emission cold cathode is formed of met- 
allic carbide, metallic nitride, metallic oxide or metallic 
boride. The work function of such a material is smaller 
than that of the metal used in the related art such as 
molybdenum (Mo) or titanium (Tl). This results in be- so 
ing able to reduce the operating voltage on which 
electrons are emitted. Moreover, the field-emission 
cold cathode may have a depositk)n structure where- 
in the composition ratio of carbon, nitrogen, oxygen 
or baron is progressively increased from th substrate ss 
(base of th conical form) to th tip ( f th conical 
form). In the structure, since the electric resistance is 
continuously Chang d from the substrat 1 ctrod t 



the tip, the electric c nductivlty in th cold cathod 
is improved as compared to the structure where the 
cold cath d coating lay r Is directly d posit d n 
the substrat I ctrod . As another advantage, it Is 
possible to suppress the difference of a thermal ex- 
pansion coefficient between the layers and improve 
the bonding strength between the cold cathode and 
the substrate electrode and the thermal stability of 
them. The present invention can thus offer a field- 
emission electron source which is physically stable 
and is excellent in electric and mechanical character- 
istics. 

Further objects and advantages of the present in- 
vention will be apparent from the following description 
of the preferred embodiments of the invention as il- 
lustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is a perspective view showing a field- 
emission electronic device according to an env 
bodiment of the invention; 
Fig.2 is a sectional view cut on the line 11-11 of 
Fig.1; 

Fig.3 is a partial plane view showing a field- 
emission electronic device according to the env 
bodiment of Fig.1; 

Fig.4 is a partial plane view showing a field- 
emission electronic device according to another 
embodiment of the invention; 
Fig.5 is a partial plane view showing a field- 
emission electronic device according to another 
embodiment of the invention; 
Fig.6 is an essential sectional view showing a 
field-emission electronic device according to an- 
other embodiment of the invention; 
Fig.7 is an essential sectional view showing a 
field-emission electronic device according to an- 
other embodiment of the inventton; 
Fig.8 is an essential sectional view showing a 
field-emission electronic device according to an- 
other embodiment of the invention; 
Fig.9 is an essential sectional view showing a 
field-emission electronic device according to an- 
other embodiment of the Invention; 
Fig.1 0 la an essential sectional view showing a 
field-emission electronic device according to an- 
other embodiment of the invention; 
Fig.1 1 Is an essential sectional view showing a 
field-emission electronic device according to an- 
other embodiment of the Invention; 
Fig.1 2 is an essential sectional view showing a 
method for manufacturing the field-emission 
electronic device of Fig.2; 
Fig.1 3 is a perspective view showing a fi Id- 
missi n tectronic d vice according to an th r 
embodiment of the inv ntion; 
Fig.1 4 is a side s ctional view showing an essen- 
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tial portion of a fietd-emission cold cathode in- 
dud d in the field-emission el ctron urce 
shown in Fig.13; 

Fig. 15 is a sectional view cut n the line XV-XV 
of Fig.13; 

Fig. 16 is a side sectional view showing a process 
for manufacturing the field-emission electron 
source shown in Fig.13; 

Fig. 17 is an explanatory view showing a method 
for manufacturing the field-emission cold cath- 
ode shown in Fig.13; 

Fig. 18 is a graph showing a relation between a 
voltage applied onto a gate electrode and an 
emitted current per one pixel of the field- 
emission cold cathode in the field-emission elec- 
tron source shown in Fig.13 and the known one; 
Fig. 1 9 is a side sectional view showing an essen- 
tial portion of a field-emission cold cathode in- 
cluded in a field-emission electron source ac- 
cording to another embodiment of the invention; 
Fig.20 is a side sectional view showing a process 
for manufacturing the field-emission electron 
source shown in Fig. 19; 

Fig.21 is a plane view showing a field-emission 
electron source according to another embodi- 
ment of the invention; 

Fig. 22 is a plane sectional view showing a hori- 
zontal structure of the A part of the field-emission 
cold cathode shown in Fig.21; 
Fig.23 is a side sectional view cut on the line 
XXIII-XXIII of the field-emission cold cathode 
shown in Fig.22; and 

Fig. 24 is a side sectional view showing a process 
for manufacturing the field-emission electron 
source shown in Fig.21; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In turn, the description will be directed to a field- 
emission electronic device according to a first em- 
bodiment of the invention. 

Fig.1 is a perspective view showing the field- 
emission electronic device. Fig.2 is a sectional view 
cut on the 11-11 line of Flg.1. 

A field-emission electronic device employs as its 
substrate a high-resistance monocrystalline silicon 
substrate 4 such as a non-doped silicon substrate. On 
the silicon substrate 4, there is formed an anode elec- 
trode layer 3 made of molybdenum. On the anode 
electrode layer 3, a cathode electrode layer 1 is locat- 
ed with an insulating layer 5 laid theret>etween and a 
gate electrode layer 2 is located with an insulating lay- 
er 6 laid therebetween. The cathode electrode liayer 
1 is opposed to the gate el ctrode with a groove 7 laid 
thereb twe n. Th insulating lay r 5 and 6 are both 
mad of silicon dioxide. Th cathod el ctrode lay r 
landth gate I ctrode lay r2ar both mad ofmo- 



lybd num. The horizontal distance d1 betwe n th 
cathod lectrode layer 1 and the gat lectrod lay- 
er 2 is set as 0.1 1 0.5 ^m. Th thickness hi of the 
insulating layer 5 is set as 0.2 to I.Oiimand th thick- 
5 ness h2 of the insulating layer 6 is set as 0.1 to 0.5 
^m in a manner to keep a relation of h1>h2. That is, 
the gate electrode layer 2 is provided between the 
anode electrode layer 3 and the cathode electrode 
layer 1. 

10 As shown in Fig.1, two layers opposed to each 
other with the groove 7 laid therebetween are formed 
to have a sawtooth form. The cathode electrode layer 
1 serves to emit electrons at the tip of the sawtooth. 
There are arranged a plurality of linear-array saw- 

15 tooth portions each having a lot of electron emitters. 
The tip la of the cathode electrode layer 1 is made 
acute in a manner to be inclined toward the gate elec- 
trode layer 2. The acute tip 1a is projected from the 
insulating layer 5 toward the groove 7. Likewise, the 

20 tip 2a of the gate electrode 2 is projected from the in- 
sulating layer 6 toward the groove 7. 

As a material for each electrode layer, molybde- 
num is used. It is possible to use the conventional 
electrode materials such as chromium, tungsten, 

25 gold, silver, copper, aluminum. Any material may be 
used for the insulating layer if it has an insulating 
characteristic. 

In the field-emission electron device arranged as 
above, when a voltage of about 20 V to 100 V is ap- 

30 plied between the cathode electrode 1 and the gate 
electrode 2, a strong electric field of about 10^ V/cm 
takes place between the tip of the cathode electrode 
1 and the gate electrode 2, so that the cathode elec- 
trode 1 may emit electrons at its tip on the field- 

35 emission principle. The emitted electrons reach the 
anode electrode layer 3 to which a predetermined vol- 
tage has been applied. As such, the groove 7 is an 
electron-moving space for the electrons emitted from 
the acute tip la of the cathode electrode 1. The 

40 amount of electrons emitted from the cathode elec- 
trode 1 increases or decrease as the gate voltage 
changes. Since the change of the gate voltage ap- 
pears as the change of the anode current, therefore, 
the field-emission electronic device operates as a 

45 triode device. 

As menttoned above, the distance t>etween the 
electrodes is made to be changed from a known value 
of about 1 ^m to a smaller value. Hence, it is possible 
to obtain the intensity of an electric field required for 

50 field emission when a lower voltage is applied to the 
gate. Further, since a distance between the anode 
electrode and the cathode electrode, that is, a thick- 
ness hi of the insulating layer 5 can be set as 0.2 to 
1 .0 ^m, it is possible to reduce the voltage applied to 

55 th anode and a time taken in moving el ctrons be- 
twe n the anod lectrod and th cathod 1 c- 
trod . Moreov r, in the field-emissi n electronic de- 
vic according to this mbodiment as compared t 

5 
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th lamination fth cathode lectrod and the gat 
electrode in th known structure, the overlapping 
area ofthecathod lectrode with the gate lectrod 
can b reduced, resulting In making the capacitance 
between the cathode electrode and the gate elec- s 
trode smaller. As such, the electronic device is capa- 
ble of providing so targe a cut-off frequency that It 
may operate at high speed. 

In turn, the description will be directed to a field- 
emission electronic device according to another env io 
bodiment of the invention as referring to Figs.3 to 11 . 
Each structure shown in each figure corresponds to 
one embodiment 

Figs.3 to 5 show a lamination composed of an in- 
sulating layer and a gate electrode layer, a lamination is 
composed of an insulating layer and a cathode elec- 
trode layer, and a planar form of a groove spacing 
these layers from each other, respectively. Fig.3 
shows the same planar form of the lamination as that 
of the third embodiment. It has a structure where the 20 
mountains and the valleys of a sawtooth cathode 
electrode 11 engage with those of a sawtooth gate 
electrode 12. Fig.4 shows the tip of the sawtooth 
cathode electrode 13 which is made more acute than 
that shown in Fig.3. The gate electrode 14 is provided 25 
around each acute tip. In this structure, the electric 
field more effectively concentrates on the tip of the 
cathode electrode 13 through the form effect. It is 
therefore possible to reduce the gate voltage. How- 
ever, the field emission takes place only at the tips. 30 
It results in inevitably making the field-emission area 
small. Flg.5 shows a structure where the connexities 
and concavities of the cathode electrode are engag- 
ed with those of the gate electrode without using 
acute tips. As compared to the structures shown in 35 
Figs.3 and 4, the field concentration is disadvanta- 
geously made smaller, while the area for emitting 
electrons is advantageously made larger. 

The structure shown in Fig.3 has an intermediate 
feature between the structure shown in Fig.4 and that 40 
shown in Fig.5. That is, it is possible to set the planar 
form of the cathode electrode or the gate electrode 
in a manner to suit to the requested feature. 

Figs.6 to 8 show other sectional forms of the tip 
of the cathode electrode layer in the groove served 4$ 
as an electron-moving space, respectively. The struc- 
ture shown in Fig.6 Is the fundamental form. The tip 
21a of the cathode electrode 21 is projected from the 
insulating layer 24 without changing the thickness of 
the tip 21a at the same level of the cathode electrode so 
21 on the insulating layer 24. This structure provides 
the tip of the cathode which Is excellent in mechanical 
strength and is allowed to be manufactured by an eas- 
ier process. The structure shown in Fig .7 provides the 
tip 31a of the cathod electrode 31 projected in a 55 
manner to be inclined t ward th gat lectrode 32. 
This structure is formed by considering the optimiza- 
tion of the distribution of an I ctric field around the 



tip f the cathod I ctrode 31 and th directi n of 
1 ctron mission based n the field mission. The 
structure shown in Fig.8 is form ds thatth tip 41 a 
of the cathode electrode 41 is made acute toward the 
thickness of the cathode electrode. This structure of- 
fers an advantage that an electric field is concentrat- 
ed around the tip 41a of the cathode electrode 41 
through the form effect. The advantage makes it pos- 
sible to lower the gate voltage. The structure shown 
in Figs.1 and 2 is a combination of the structure 
shown in Fig.7 and the structure shown in Fig.8. 

As described above, the field-emissk)n electron- 
ic device according to the present invention enables 
to freely take a form of an electron-emitting portion of 
the cathode electrode and orient the tip. Hence, the 
field concentration around the cathode tip can be ef- 
fectively Implemented, resulting in achieving the in- 
crease of an emitted current density based on the 
field emission. 

As shown in Fig. 9, the field-emission electronic 
device may provide a conductive anode electrode 
substrate 53 having an integral combination of the 
substrate and the anode electrode. For the anode 
electrode substrate 53, a low-resistance monocrys- 
talline silicon substrate or a metal plate may t>e used. 
In a case that the anode electrode substrate 53 is 
made of monocrystalline silicon, an oxidized silicon 
layer formed by heat oxidation may be used for insu- 
lating layers 55 and 56 in light of the manufacturing 
process. The silicon dioxide layer obtained by ther- 
mally oxidizing monocrystalline silicon is more excel- 
lent in an insulating characteristic as compared to the 
layer formed by the vacuum evaporation, for exam- 
ple. Hence, it is suitable to the insulating layer. In ad- 
dition, the silicon substrate is allowed to be monolith- 
ically integrated with another electronic component 
This makes contribution to simplifying the manufac- 
turing process. 

As a structure of another embodiment as shown 
in Fig.10, a beltlike (extending in the vertical direction 
on paper) anode electrode layer 63 is deposited on 
the surface of the silicon substrate 64 located on the 
bottom of a groove 67. As a structure of another em- 
bodiment as shown in Fig. 11, a beltlike (extending in 
the vertical direction on paper) anode electrode layer 
73 is buried in the silicon substrate 74 in a manner to 
expose its surface on the bottom of a groove 77. 
Herein, the substrate 74 employs a high-resistance 
monocrystalline silicon substrate such as a non-dop- 
ed silicon substrate and the anode electrode 73 may 
be formed of an n-type low-resistance area by doping 
an n-type impurity such as phosphorus on the belt like 
part of the substrate 74. The low-resistance area may 
be a p-type low-resistance area formed by doping an 
p-type impurity such as b ron. In th structures 
showninFigs.10and11,th areaoftheanod et c- 
trode layer occupying the substrat is made small r. 
This makes it possible t reduce th overlapped area 
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of the cathod I ctrode and th anode electrode 
(against the substrate surface) and the overlapped 
area f the gate el ctrod and th anode electrode. 
As such, it is possit)le to reduce th capacitances be- 
tween the cathode electrode and the gate electrode, 5 
between the cathode electrode and the anode elec- 
trode and between the gate electrode and the anode 
lectrode. This results In increasing a cut-off frequen- 
cy fj of the device, thereby being able to operate the 
electronic device at high speed. io 

In turn, the description will be directed to a proc- 
ess for manufacturing a field-emission electronic de- 
vice according to the first embodiment as referring to 
Fig.12. 

The manufacturing method according to this em- is 
bodiment is arranged to independently set each Inter- 
val between the anode electrode and the gate elec- 
trode, between the gate electrode and the cathode 
electrode, or between the anode electrode and the 
gate electrode. Further, the method makes it possible 20 
to make the cathode electrode acute or orient the 
acute electrode in respective steps. In addition, the 
method needs just one transfer of a fine mask pattern 
to a resist. As such, it does not need to accurately pos- 
ition the mask pattern. 25 

The sections shown in Figs.12a to 12f show the 
respective manufacturing steps. Asshown in Fig.12a, 
an anode electrode metal layer 83 having a thickness 
of about 0.1 ^m is deposited on a substrate 84. An in- 
sulating layer 86a having a thickness of about 0.3 ^m 30 
is deposited on the layer 83. Then, a gate electrode 
metal layer 62a having a thickness of about 0.1 ^m is 
deposited on the insulating layer 66a. Further, a re- 
sist mask 68 is formed on the layer 82a. The thick- 
ness of the insulating layer 86a corresponds to an in- 35 
terval between the anode electrode and the gate 
electrode. The electrode metal layers 83, 82a and the 
insulating layer 66a have been formed by the elec- 
tron-beam evaporating technique. Instead the sput- 
tering technique or the CVD technique may be used 40 
according to the used material. 

Next, along the mask 88, as shown in Fig.12b. 
the gate electrode metal layer 82a is selectively etch- 
ed for removal. Then, the gate electrode metal layer 
62a is side-etched by a width shown by d81 . The side- 45 
etched length d81 corresponds to a horizontal dis- 
tance between the cathode electrode 81 and the gate 
electrode 82. Next, like the removal of the gate elec- 
trode metal layer 82a, the insulating layer 86a is etch- 
ed for removal. so 

As shown in Fig.12c, an insulating layer 85a is 
formed by the vacuum evaporating technique using 
an electron beam. Herein, by moving the evaporating 
source or rotating the substrate 84 as shown by an ar- 
row B, the angle of evaporating direction is relatively ss 
changed by several degrees (up t 20). Then, th in- 
sulating layer 85a is evaporated toward the mask 88 
in a manner to mak its thickn ss som what thinn r. 



Wtththeevaporation, it is possible to s tth direction 
fth tip f the cathod electrode. Th thickn ss of 
theov rail insulating lay r85acorresp nds to an in- 
terval b tweentheanod electrode and th cathod 
electrode. As shown in Fig.12d, the cathode elec- 
trode metal layer 81 is formed by the electron-beam 
vacuum evaporating technique. By moving the evap- 
orating source or rotating the substrate 84, as shown 
by an arrow C, the angle of the evaporating direction 
is allowed to be relatively changed from a few up to 
twenty degrees. The cathode electrode metal layer 81 
is evaporated against the resist mask 88 In a manner 
to make the metal layer 81 more acute toward its 
thickness. 

Thereafter the nnask 88, the insulating layer 85b de- 
posited on the mask, and the cathode electrode ma- 
terial layer 81a deposited on the layer 65b are all re- 
moved. The resulting structure is as shown in 
F^.12e. Further, the insulating layere 65a and 86b 
are side-etched so that the acute tip of the cathode 
electrode 81 and the tip-of the gate electrode 62 are 
allowed to be projected toward the groove 87. The re- 
sulting structure is as shown in Fig.12f. This is an in- 
tended field-emission electronic device. 

With this manufacturirig method, it is possible to 
manufacture the field-emission electronic device 
which provides a lower operating voltage and a high- 
speed operation. 

In turn, the description wfll be directed to a field- 
emission electronic device according to a second enrv 
bodiment of the invention as referring to Figs. 13 to 
18. This field-emission electronic device relates to a 
field-emission electron source. 

Fig. 13 is a perspective view showing a field- 
emission electronic element according to the second 
embodiment of the Invention. 

A substrate electrode 1 04 is formed of monocrys- 
taliine silicon having low resistance. On the substrate 
electrode 104, a lot of conical cold cathode chip 101 
are formed. Each cold cathode chip Is made of the 
same monocrystalline silkx>n as the substrate elec- 
trode 104 or a high melting point nnetal such as tung- 
sten (W) or molybdenum (Mo). An Insulating layer 1 05 
is formed on the substrate electrode 104 around the 
cold cathode chips 101. On the insulating layer 105, 
a gate electrode 1 02 is deposited. An anode electrode 
1 03 is provided to cover those cold cathode chips 1 01 
and the gate electrode 102 with keeping a space sur- 
rounded by at least the anode electrode 103, the cold 
cathode chips 101 and the gate electrode 102 to be 
vacuum. 

Fig.14 is a sectional view showing an essential 
side portion of a field-emission cold cathode chip in- 
cluded in the second embodiment of Fig. 13. Fig.15 is 
a s ctional view cut on the line XV-XV of Fig.1 3 show- 
ing an essential portion fth field-emissi nel ctron 
sourc and dimensions fcomponents included in the 
field- mission electron source. 
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As shown in Fig.14, the c Id cathod 101 is com- 
posed fthr kinds flay rs 101a. 101b and 101c. 
A titanium layer 101a is d posited n a sQIcon sut)- 
strate electrode 1 04. On th titanium layer 101 a, a ti- 
tanium and titanium carbide layer 101b having a plur- 5 
ality of layers is deposited on the titanium layer 101a. 
The layer 101b are made of titanium and titanium car- 
bide and the mixing ratio of the two materials at the 
upper portion of the layer is larger than the lower por- 
tion. That is, the upper layer of the titanium and tita- io 
nium carbide layer 101 b has a larger composition ra- 
tio of carbon than the lower layer. On the top of the 
titanium and titanium carbide layer 101b, a titanium 
carbide layer 101c is deposited. 

As shown in Fig.15, on the substrate elecbt>d6 is 
104 around the field-emission cold cathode 101, an 
insulating layer 1 05 is formed In a manner to surround 
the field-emission cold cathode. On the insulating 
layer 104, there is laminated a gate electrode 102. 
Above the gate electrode layer 102, an anode elec- 20 
trode 103 is disposed to cover the cold cathode 101 
and the gate electrode 102. A space surrounded by 
the field-emission cold cathode 101, the gate elec- 
trode 102. the insulating layer 105. the substrate 104 
and the anode electrode 1 03 is kept to be vacuum. 25 

The conical field-emission cold cathode 101 is 
formed in such a manner that its bottom diameter d 
is d = about 0.8 ^m and its height h is h = about 1 \im. 
The substrate electrode 104 has a thickness t1 of 
about 0.75 mm. The Insulating layer 105 has a thick- 30 
ness t2 of about 0.75 ^m. The gate electrode 102 has 
a thickness t3 of about 0.5 i^m. The distance 1 be- 
tween the anode electrode 103 and the substrate 
electrode 104 is 1 = about 10 ^im. 

In the field-emission electron source according to 3S 
the second embodiment mentioned above, the field- 
emission cold cathode is made of metallic carbide 
having a small work function. Hence, it operates on a 
smaller operating voltage as described later. The 
field-emission cold cathode 101 has a lamination 40 
structure having the titanium carbide layer 101c, the 
titanium and titanium carbide layer 101b and the tita- 
nium layer 101a as shown in Fig.14. As such, the dif- 
ference of a thermal expansion coefficient between 
the titanium layer 101a and the substrate 104 is 45 
small. Likewise, the differences of the thermal ex- 
pansion coefficient between the titanium carbide lay- 
er 101c and the titanium and titanium carbide layer 
101b and between the titanium layer 101a and the ti- 
tanium and titanium carbkje layer 101b and between $0 
the titanium layers 101a are also snnall. It nrraans that 
the lamination structure is sufficiently thermally sta- 
ble and mechanically durable. Moreover, since the 
electric resistance from the titanium layer 11a to the 
titanium carbide layer 101c located at th tip is c n- 55 
tinuously changed, th electric conductivity insid f 
the cold cathode is improved. 

Next, the description will b direct d to a process 



f r manufacturing the field- mlsston lectron source 
according t thes cond embodiment fth invention 
as referring to Figs.16 and 17. 

Fig. 16 is a sectional sid view showing a process 
for manufecturing the field-emission electron source 
shown in Fig.15. Fig.17 is an explanatCMry view show- 
ing a method for manufacturing the field-emission 
cold cathode in detail. 

At first, the top surface of the silicon substrate 
electrode 104 is subject to the thermal oxidation of 
'about 1100**C. The silicon substrate electrode 104 is 
conductive (0.01 Q cm} and has a thickness of about 
0.75 mm. After the thermal oxidation, the insulating 
layer 105 made of silicon dioxide (SiOz) is formed to 
have a thickness of about 0.75 ^m. Then, on the in- 
sulating layer 105, a layer corresponding to the gate 
electrode 102 is formed by the electron-beam evap- 
oration or sputtering. The layer is made of molybde- 
num and has a thickness of about 0.5 ^m. Next, a re- 
sist (not shown) Is spin-coated on the gate electrode 
102 in a manner to have a thickness of about 1 ^m. 
Then, a spot pattern having a diameter of about 1 ^m 
is exposed by an electron t>eam. The exposed resist 
is developed by isopropyl alcohol so that a spot open- 
ing may be formed on the molybdenum layer. The 
spot opening has a diameter of about 1 ^m. Next, the 
molybdenum layer and the insulating layer under the 
spot opening are selectively etched so that a circular 
opening 106 having a diameter of about 2 ^m may be 
formed on the substrate electrode 104. Next, after 
the resist is removed by an organk: solvent, the etch- 
ing is carried out by using hydrofluoric acid. Then, the 
layer made of molybdenum, which will become the 
gate electrode 102. is undercut so as to form the 
structure shown in Fig. 16a. In this embodiment, mo- 
lybdenum has been used for making the gate elec- 
trode 102. However, any metal nrmy be used if It has 
substantially the same performance. Likewise, the 
silicon oxide hasbeen used for making the Insulating 
layer 105. However, any material may be used if it 
hassubstantially the same performance. 

Next, the structure shown in Fig.16a is installed 
in a vacuum evaporating unit, in which the silicon sub- 
strate electrode 104 is rotated on the axis of the cir- 
cular opening 1 06. From an upper oblique location 
shown by an arrow A of Fig. 16b. aluminum is depos- 
ited on the gate electrode 102 in a manner that the 
diameter of the circular opening 106 may progres- 
sively become smaller from the lower to the upper. 
The resulting structure is that shown In Fig. 16b. 

Then, a material for the field-emission cold cath- ^ 
ode is deposited on the substrate electrode 104 
through the circular opening 1 06 by an electron beam 
evaporation so that the field-emission cold cathode 
101 may be form donth silic n substrate lectrode 
104. When th material is vaporated by an lectron 
beam from the direction shown by an arrow B I hrough 
the circular p ning 106 as shown In Fig.16c a de- 
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posit lay r 1 0la of the material Is formed In a manner 
to gradually decrease the diamet r of the circular 
opening 106 and finally dose the circular p ning 
106. This is the conical field- mission c Id cat hod 
1 01 . By removing the aluminum layer 1 07 and the de- 5 
posit layer 101a, the structure shown in Fig.16d is 
formed. In this embodiment, about 5000 field* 
emission cold cathodes 101 are formed with a spac- 
ing of about 10 ^m between the adjacent ones. 

In this embodiment, as shown in Fig.17,for fornv io 
ing the field-emission cold cathode 1 01 , a two-source 
evaporation is used. The evaporation has a metal 
evaporating source 120 of titanium (Ti) and a metallic 
carbide evaporating source 121 of titanium carbide 
(TiC). At first, with the metal evaporating source 120 is 
only, the titanium layer is evaporated. Then, by ad- 
justing an evaporating rate of the two evaporating 
sources 120 and 121, the titanium and titanium car- 
bide layer is formed In a manner to continuously keep 
the carbon ratio higher from the bottom to the tip. Fi- 20 
nally, with the metallic carbide evaporating source 
121 only, the titanium carbide layer is formed on the 
top of the field-emission cold cathode 101. In place 
of the titanium evaporating source 120, it is possible 
to use a metal evaporating source for zirconium (Zr), 25 
molybdenum (Mo) and hafnium (Hf). In place of the 
metallic carbide evaporating source of titanium car- 
bide (TiC), it is possible to use a metal evaporating 
source for metallic nitride, n^etallic oxide or metallic 
boride. 30 

Fig.18 is a graph showing a relation between an 
operating voltage and a discharged current density, 
that is, emission current caused by field emission per 
one pixel in the field-emission electron source of this 
embodiment and the known field-emission electron 35 
source. Herein, the operating voltage is a voltage to 
be applied between the anode electrode and the sut>- 
strate electrode. 

The curves indicated by symbols A1 to A3 repre- 
sent the relations between the discharged current 40 
density and the operating voltage in this embodiment, 
and the curve of symbol A4 represents the relation of 
a conventional field-emisssion type electron source. 
The curves A1 to A4 correspond to respective mate- 
rials of the field-emission cold cathode, that Is, zirco- 45 
nium carbide, titanium carbide, titanium nitride, and 
molybdenum. The curve indicated by a symbol A4 
represents the relation of the known field-emission 
electron source. 

The relation indicated in Fig.18 is obtained by ap- so 
plying a positive voltage V2 of 50 V between the sub- 
strate electrode 104 and the gate electrode 102 
based on the voltage of the substrate electrode 104 
and measuring the discharged current as changing 
the applied voltag VI (op rating voltage) b tw en 55 
the anode electrode 103 and the substrate el ctrode 
104 (see Fig. 15). As is obvious from this figure, in the 
relation A4 of the conv ntional device, the threshold 



value of th perating voltage is about 300 V. On th 
other hand, in the relattons A1 to A3 of this embodi- 
ment the threshold valu s are about 100 V to 150 V. 
Th great reduction of the operating voltage results 
from the reduction of the work function of the field- 
emission cold cathode. 

In turn, the description wOI be directed to a field- 
emission electronic device according to a third enrv 
bodiment of the invention as referring to Figs. 19 and 
20. 

Fig. 19 is a side sectk>nal view showing an essen- 
tial portion of the field-emission cold cathode 131 in- 
cluded in a field-emission electron source according 
to the third embodiment Fig.20 a skje sectional 
view showing a process for manufecturing the field- 
emission electron source. 

A silicon substrate electrode 130, as shown in 
Fig.19. comprises a pyramid convex portion 130a. 
Though one convex portion 130a is shown in Fig.19, 
in actual, the substrate 130 includes a number of con- 
vex portions 1 30a formed on the same surface there- 
of. On each convex portton 130a. a pyramid field- 
emission cold cathode 1 31 is formed. The form of the 
convex portion 130a and the field-emission cold 
cathode 131 is not limited to a pyramid. It may be a 
conical or an edge-sawtooth form to be discussed 
with respect to a third embodiment. This edge- 
sawtooth form implements a larger surface area. 

The bottom of each field-emission cold cathode 
131 is formed of a titanium layer 131a. On the titani- 
um layer 131a. a titanium and titanium carbkJe layer 
31b is formed in a manner to progressively increase 
a composition ratio of carbon. On the layer 131b, a ti- 
tanium carbide layer 131c is formed. 

Next the process for manufacturing a field- 
emission electron source shown In Fig.19 will be de- 
scribed as referring to Fig.20. At first, a conducth^e 
(0.01 n-cm) silicon substrate electrode 130 is pre- 
pared. It needs to have a thickness of at>out 0.4 mm 
is prepared. The silicon substrate electrode is subject 
to heat oxidatton at the temperature of about 1100*'C 
so as to form silicon dioxide (SiOz) having a thickness 
of about 0.2 ^m. Next, a resist of about 1 pm is coated 
on this layer. The resist is exposed by ultraviolet rays 
and-is developed for forming a resist mask (not 
shown). The silicon dioxide layer is etched by a mbced 
liquid of hydrofluoric acid and ammonium fluoride so 
as to form a nnask 132 of silicon oxide. Then, the resist 
is removed by an organic solvent. The resulting struc- 
ture is shown in Fig. 20a. 

Next the structure shown in Fig. 20a is etched by 
an etchant of a mixed liquid of hydrofluoric acid, nitric 
acid and acetic acid. The etching results in eroding 
the silicon substrate electrode 130 so that pyramkj 
conv x portions 130a are form d as shown in Fig. 
20b. Next the silicon xid mask 132 I removed by 
a mixed liquid of hydrofluoric acid and ammonium flu- 
oride. As shown in Fig. 20c. the pyramid c nv x por- 
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ti ns 130a are left as a moth r body f the field- 
mission cold cath d 131. This kind of pyramid c n- 
vex port! n 1 30a may be fornted by anis tropic etch- 
ing with an alkali mixed liquid containing potassium 
hydroxide and isopropyf alcohol or dry etching such s 
as RIE (Reactive Ion Etching). 

A material of the field-emission cold cathode 131 
Is coated on the convex portton 1 30a by means of the 
sputtering. The layers composing the field-emission 
cold cathode 1 31 are formed as shown in Fig.20d. For io 
a sputter target, some metal such as titanium is used. 
For a reactive gas, a mixed gas containing argon (Ar) 
and methane (CIH4) is used. By the reactive sputter- 
ing, a thin film made of the titanium carbide is formed. 

By controlling a mixing ratio of the reacth/e gas, is 
as shown in Fig.19. at first the titanium layer 131a is 
evaporated. Then, the titanium and titanium carbide 
layer 131b is formed in a manner to progressively in- 
crease a composition ratio of carbon from the bottom 
to the tip. At the top, the titanium carbide layer 131c 20 
is formed. For a sputter target, in place of titanium (Ti), 
zirconium (Zr), molybdenum (Mo) or hafnium (Hf). As 
a reactive gas. nitrogen or ammonium is used for nitr- 
ide and oxygen is used for oxide. 

Next, as shown in Fig.20e, an insulating layer 1 33 25 
and a gate electrode 134 are formed on the silicon 
substrate electrode 130 around the pyramid fietd- 
emission cold cathode 131. Then, after an anode 
electrode is formed (not shown), the process for man- 
ufacturing the field-emission electron source is ter- 30 
minated. 

The field-emission electron source according to 
the third embodiment is thus capable of reducing the 
operating voltage like the second embodiment 

In manufacturing the field-emission cold cathode 35 
according to the second and third embodiments, it is 
possible to use a vapor growth method such as CVD 
or MOCVD or another filming method. The form of 
the field-emission cold cathode is not limited to the 
pyramid form. Actually, several forms can be realized 40 
by selecting the method. For example, with the vapor 
growth method, to form the titanium carbide layer, it 
is possible to employ a method for reacting titanium 
tetrachloride with methane. 

In turn, the description will be directed to a field- 45 
emission electronic device according to a fourth em- 
bodiment of the invention as referring to Figs.21 to 
24. The electronic device also relates to a field- 
emission electron source. The electron source ac- 
cording to this embodiment has a cold cathode so 
formed unlike the pyramid. Fig.21 is a plane view 
showing the field-emission electron source according 
to the fourth embodiment The field-emission elec- 
tron source is constructed to have a sawtooth-edge 
cold cathode emitter 141 and a linear-edge gat 144 55 
on a crystallin substrat 149 in a manner to pp s 
the cold cathode emitter 141 to the gate 144. The cold 
cathod emitter 141 serves to emit I ctrons at its tip 



142. Fig.22 Is an xpand d plane s ction showing a 
horiz ntals ction of th fi Id-emissi n cold cathod , 
in particular, an A porti n. Toward th b ttom f th 
emitter, there are formed a titanium (Ti) layer 141a 
and a mix layer 141b of a titanium and titanium nitride 
is formed on the titanium layer 141a. The mbc layer 
141b is composed of a plurality of layers having a dif- 
ferent mixing ratio of a titanium and titanium nitride. 
The layer 141b is formed in a manner to increase a 
^ nitrogen (N) density as it comes closer to the tip. A ti- 
tanium nitride (TIN) layer 141c is formed on the sur- 
face of the mbc layer 141b. 

Fig. 23 is a sectk>nal view showing a vertk:al sec- 
tion of the field-emission cold cathode, in particular, 
an essential portion cut on the line XXlll-XXIII of Fig. 
22. The structure Is formed In a manner to Increase 
a nitrogen density as it comes closer to the side sur- 
face. 

In the sawtooth f ield-emisskm electron source of 
the fourth embodiment, in Fig. 21, a distance SI be- 
tween the tip 142 of the cold cathode emitter 141 and 
the edge 145 of the gate 144 is 1 ^m. A distance S2 
between the adjacent tips 142 of the cold cathode 
emitters is 5 ^m. A distance S3 between the tip 142 
and a mother body 143 of the cold cathode emitter is 
5 ^m. In Fig.23, a thickness S4 of the emitter 141 is 
0.5 (xm. 

Next, the process for manufacturing the field- 
emission electron source will be described as refer- 
ring to Fig .24, which is a vertical sectional view show- 
ing an essential portion cut on the line XXIV-XXIV of 
Fig. 21. 

At first, photo-etching is performed on the crys- 
talline (SiOz) substrate 149 so as to pattern the sub- 
strate 149 to have a convex portion 148 of a saw- 
tooth, which wOl become a ground of the cold cathode 
emitter. The resulting structure is shown in Fig. 24a. 

Next, a titanium layer 140 is formed on the con- 
vex portion 148 by the sputtering. The layer 140 will 
become the cold cathode emitter. Further, the crys- 
talline substrate is side-etched by a mixed liquid of hy- 
drofluoric acid and ammonium fluoride (6HF). The re- 
sulting structure Is shown in Fig.24b. Next, with a mix- 
ture gas of argon (Ar) and ammonium (NHa), a titani- 
um nitride (TIN) layer is formed on the surface of the 
thin film cold cathode 141. In the formation, as the 
flow rate of an argon gas to amnfK)nium is being con- 
trolled, the mixture ratio of the gas is continuously 
changed In a manner to gradually increase a rat k> of 
ammonium to the argon gas when the nitride reaction 
of the material for the cold cathode Is carried out at ~ 
a high temperature of about 500 to 900^C. The result- 
ing structure is shown in Fig.24c. In this case, as a 
sputter target, in place of titanium (TI), zirconium (Zr) 
or molybdenum (M )mayb used. As a r active gas, 
nitrogen (N2) nr^y be us d in plac f ammonium. 

By performing th photo- tching and evaporat- 
ing the gat metal, the gate 144 is form d.Theresuit- 
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ing structure is shown In Fig^4d. This is an nd of th 
process for manufacturing the field- mission electron 
s urce. 

Many widely different embodiments of the pres- 
ent invention may be constructed without departing 
from the spirit and scope of the present invention. It 
should be understood that the present invention is not 
limited to the specific embodiments described in the 
specification, except as defined in the appended 
claims. 



Claims 

1. A field-emission electronic device characterized 
In that said device comprises: 

an anode electrode (3); 

a first Insulating member (5) disposed on 
said anode electrode; 

a cathode electrode (1) disposed on said 
first insulating member; 

a second insulating member (6) disposed 
on said anode electrode at a distance from said 
first insulating member; and 

a gate electrode (2) disposed on said sec- 
ond Insulating member. 

2. A field-emission electronic device characterized 
in that said device comprises: 

a substrate (64,74); 

a first insulating member (65.75) disposed 
on said substrate; 

a cathode electrode (61,71) disposed on 
said first insulating member; 

a second insulating member (66,76) dis- 
posed on said substrate at a distance from said 
first insulating memt>er; 

a gate electrode (62,72) disposed on said 
second insulating member; and 

an anode electrode (63,73) disposed be- 
tween said first insulating member and said sec- 
ond insulating member and electrically connect- 
ed with said substrate. 

3. A field-emission electronic device according to 
Claim 1, wherein said anode electrode layer is 
formed on a substrate (4). 

4. A field-emission electronic device according to 
Claim 1, wherein said device comprises a sub- 
strate (53) as said anode electrode layer. 

5. A field-emission electronic device according to 
Claim 2, wherein said anode electrode Is formed 
on a surface or in a surface layer of said substrate 
between said first insulating member and said 
second insulating member. 



6. A field- mission el ctronic d vice according to 
any ne f Claims 3 t 5, characterized in that 
saldcathod I ctrod lay r is shaped lik a saw- 
tooth in plane and said gate electrode layer cor- 

5 responds in shape to said cathode electrode lay- 

er. 

7. A field-emission electronic device according to 
any one of Claims 3 or 5, characterized in that 

10 said cathode electrode layer is shaped in such a 
manner that top flat projecting portions are ar- 
ranged at regular intervals in plane and said gate 
electrode layer corresponds In shape to said 
cathode electrode layer. 

15 

8. A field-emission electronic device according to 
Claim 6 or 7, characterized In that said cathode 
electrode layer projects outwardly at the sanne 
level with a part thereof on said first insulating 

20 layer. 

9. A field-emission electronic device according to 
Claim 6 or 7, characterized in that said cathode 
electrode layer projects outwardly in a manner to 

25 be inclined toward said gate electrode layer. 

10. A field-emission electronic device according to 
Claim 9, characterized in that a projecting portion 
(la) of said cathode electrode layer is made 

30 acute toward the thickness thereof. 

11. A f ield-emisston electronic device characterized 
in that said device comprises: 

a substrate (104,130,149); and 
35 a field-emission cold cathode 

(101,131,141), which is formed of metallic car- 
bide, metallic nitride, metallic oxide or metallic 
boride, disposed on and electrically connected 
with said substrate electrode, 
40 a composition ratio of carbon, nitrogen, 

oxygen or boron of said cathode l>eing gradually 
increased from a bottom portk)n thereof adjacent 
to said substrate to a top portion thereof. 

45 12. A field-emission electronic device according to 
claim 11, characterized in ihatsaid cold cathode 
is shaped like a sawtooth in plane, a compositk>n 
ratio of carbon, nitrogen, oxygen or boron of sakJ 
cathode being gradually increased from a lower 

50 portion of a tooth to a top portion. 

13. Afield emission type electronic device including 
a cold cathode electrode (1; 51; 61; 71) for emit- 
ting electrons using the principle of field emis- 
55 sk)n,thed vice further including a gat electrode 

(2; 52; 62; 72) spaced from said cath de el o- 
trode, characterised in that said cold cat hod and 
gate electrodes are formed nr spective insulat- 
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ing m mbers (5, 6; 55, 56; 65, 66; 75, 76) support- 
don a common bas memb r (4; 53; 64; 74) and 
mutually spaced apart with a gap (7; 57; 67; 77) 
therebetween, an anode electrode (3; 53; 63; 73) 
being provided at least at the base of said gap. s 
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Fig. I 
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Fig. 3 




EP 0 535 953 A2 



Fig. 6 




Fig. 7 




Fig. 8 

^1 Ala 



V/. 






Y///A 



15 



EP0 535 953 A2 



Fig. 9 




53 



Fig. 10 

61 




64 63 



Fig. II 




74 73 



16 



EP 0 535 953 A2 
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